
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



.
LA-UR--63-3205

DE04 003779

TITLE: ACQtiISITIONSYST~S FOR HEAT TRANSFERMEASIJR~ENT

AUTHOR(S):RichardJ. De Witt

SUBMITTEDTO. InternationalCentrefor Heat and Mass ‘.’ransferSummerSchool,
Dubrovnik,Yugoslavia,August 29 - Se~tunber6, 1993.

DIS(’I,AIMIW
r!,~l,l.,

PORT!fiYS (III!if.’.I;b?rI[{:,’,I!:,IILEGIBU. TM rqmri WM prrpumd II* *n mxmunl II( wtwh qmnrwcd hy n. ImrwY d Ihc I MA .Wla
~- ... . .. - . . , . ... -— - (Iovormwrrrl NrIIhcI lhr I Inilrd SIUIC. ( itwcrnnwrrl nwr wry a~rrty Ikrd, nor any of Mr
It htis km rcpruiiu~i;~ lrum M h! ::1 cmphvyccn.mnkrs mrv wntrnn!y, raprw ur implird. or umumcc mry losd Ilnhilhy IW reepnd.

nvidlnblti copy in pm’mlt the br i,r .I., hilhy h Ik UIWIIIIWV,rowlplrirnrw. m udwhrrw III WIV inhwmalhwi, nppralun, prdutl, w

pnsslh10 avallabiUty. pwmM dlm+mwd,IH Irpmcnh !hid i!~ IIW wmdvl rrd mfrirv~ prwnldy owned rlmhm Rarer.
encc hcmin 10 HwvspctIIIC mrmmrdd IWIA.1, pwrmn, 01 srrviur hy Imde name, Ircdwmmh,
mnnuklurcrl w otl,rt wlw dm mn nrtmwu Ilv tmrmlilulr WI hwply Ilm cnrhwmtcnl, -wit.
mcmkdmn, WI Iuwmrrg hv Ilw I Inkd SIdvT f kw IIIIITIU m ~ny nXCIKy IhtId. “Ilk vk~
nml uphrmm III milhm~ r~prrwctl hclrm JO Imr rrrvmwwilv dnle {w reflect Ilnne d lk
I Inkrl SIIIIrS ( hwrtwnwwi UI HWVHxrmw Ihrrr,d

ILOSAIalmilm
MslR’’’’’’’’”’””“;’”’”’’’”R“’;’’’’’’’”’l

LosAlamos National Laborator
ks Alamos,New Mexico 8754 ~

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



ACQUISITION SYSTEMS FOR HEAT TRANSFER YEASUREYENT

Richard J. De !4itt
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P.O. BOX 1663
Los Alamos, New Mexico 8“7545, USA

AK5TRACT

Practical heat transfer data acquisition systems are
normally characterized by the need for high-resolution,
low-drift, low-speed recording devices. Analog devices sush as
strip chart or circular recorders and F:lanalog magnetic tape
have excellent resolution and work well when data will be
presented in temperature versus time format only and need not be
processed tu;ther. Digital systems ale more complex and require
an understanding of the followin6 components: digitizing
devices, Jnt.erface bus types, processor requirements, and
software desi~n,

This paper will discuss all the above components of analog
and digital data ncquisltlon, as they are used in current
pract~ce. Additional information on thermocouple system analysis
will aid L’ieuser in developing accurate heat transfer measuring
systems.

1. GI;IJIIHAL

Ttlispaper will discuss present means of acquiring heat
transfer data. Most of the information presented will apply to
d:Iia acquisition systems in general, since new types of thermal
me~lsurcment transducers &re likely to appear and require e
variety of processing techniques.

l;~ci]u~ethe most commonly usnd temperature transducer in
practical application 13 the thermocouple junction, particl.~lar
:Ittef:tlor)Wlli he paid to dots acquisition systems geared to
tllc”rlllo(!ouplcil)l!uts. ‘l”lIeonly rctildifference between
tll)~~rlll(.c(~lll)lcacqultiitif)nsystems :]rldother types i~ in thu fiifin:ll
level illld:Il)rvdroquircmcnLs,
lrlvrr::(’ly.

whic!llluckily arc relnted
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over time. Any connections in the thermocouple loop must be with
known wire types and must be at a known temperature, to determine
the total loop voltage. High-speed acquisition is usually not
necessary, since thermal systems in pewer engineering exhibit
changes on a time scale of minutes. This low-speed requirement
allows the use of high-resolution acquisition systems that, if
digital, are recording at rates less than 10 sample:j per second
per channel.

2. ANALOG ACQUISITION SYSTEMS

For measurements that will not require further’ access to the
data for accurate calculations, an analog acquisition system may
be used. An analog system may best be defined as one that does
not make use of discrete conversion steps, but reproduces the
input signal as a voltage versus time trace on a recording
medium. The recording medium is usually Ink on paper i-orch~rt
recorders, or magnetic tape for a multichannel analog recorder.
Magnetic tape has the advar:tage of allowing repeated reproduction
of the recorded signal, Insluding replay at different speeds and
output voltage lavels. .

Analog systems have the advantage of’ infinite resolution but
are limited in accuracy and range. The recorded signal is
usually available for viewing in real time (in user units if
calibrated). The only total time limit is the size of the
recording media avialable. One very practical advantage of most
analog recording systems is that in the ●vent of equipment
failure during acquisition, the preceding data Is still intact.

Some of the drawbacks of analog systems include slow
respo~se rates (<100 Hz for most systems); limitations cn the
number of channels of data input that may be easily record?d;
the unavailability of data for further processing (except for
maGnetic tape); ayd finally, limitations produced by the
physical resolution of the hardcopy device (p~n size), even
though resolution may be infinite in the ●lectonlcs.

Analoe m~gnetic tape makes a nice companion to a digital
acquisition system, espe~ially when signal levels or time
resolution requirements are not known in aavance, The data can
be captured on FM tape and digitized by thu data system at the
same time, in purallel. If more time resolution is requireu, the
tape may then be played back more slowly into th~ di~ital system.
Of course, the same technique can be USPC!wit;] strip chnrt
rcccrdcrs or other analog systems if the original d:+tnwere
recorded on tape,

Since annloE systems ,jreu~unlly ~fllall~rand 10:lsexpen~ive
than diRital sy:;tcms, they shou]d be conslciered w!lencvnr one In
plannin[{ a new test setup. Theme systems are particularly cost
effective when the user Iu recordin~ lonl~,-tcrrndata from hn
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unattended site, when the data are to be used as a temperature
history recording, or when the analog system is a nackup for a
more complicated digital configuration. The limitations of
recording speed and number of input channels are ~lotvery
important when one is dealing with heat transfe~ measurements.

J di~ital data ~cquisition systerl!7asseveral ?4v2nta~es
over an analog system. The fir~t, and most obvious, advantage is
the ability to store dat? for future retrieval and processing.
This processing may be as simple as lisLing or plotting the data
to a hardcopy device, or as complicated as performing a
mathematical conversion. Other advantages include higher data
acquisition rates and flexibility in setup Some disadvantages
of a digital system are limited storage (most analog systems
being limited only by the amount of recording tape or paper
available), limited voltage resolution, and the possibility of
loss of all data durind the acquisition stage. An analog system,
on the other hand, woula still retain the data acquired before
the condition causing failure.

The fundamental units of a digital acquisition system are
the analog to digital converter (A/n) (or dlg~tal voltmeter),
interface bus, processor and memory, storate media, and software.
Each of these units will be examined in detail,

3.1 Difiitizing Devices

A/Ds are devices that sample an input channel voltafle at
specified time intervals and convert the volta&e into a binary
number of steps or “cour,tsm” The resolution of the A/D is
dependent on the number of steps of voltage division it has. each
step bein~ one binary value. A/i)s are available In a w!df!range
of resolution and speed--the two being inversely related.
Levices called transient di~it,iZerS are available at digitizing
rates of up to 100 million samples per second (100 mliz), but
their resolutiol~ is currel~tly limited to 8 bits (+127, -12!)
units). More resolution is available at lower speeds. witP the
current upper limit of 16 bits (+32 767, -3Z 768). Negative
vnluc!s are usua]ly sent it)two’s complement form, ano the user
I:IUSLuften perform si~n bit ~xtensio~ to the computer ‘s most
:;if(nificantbit. The data i]re often available for transfer in
parnl]el (all bits at once) but some interfaces will re(~uir~
tt;LltLIICdiltil I)C! S(?l)t serially, :ince the data as transfcrreci
il~(’ in K!(lUnt:;, tllrcot~vcr:jjc~nfiJCtOr to user units 1.S

I;quation (1) ia a simple alo~c/offJet correctic)n where V is user
units, C i:{Lhc A/l)count, Ci is a slope calibration factor
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(units/count) , and C2 Is the offset in user units. ?loredetailed
discussions of calibration are covered in Section 3.4, Software
Eeslgns. Most A/Ds have dc amplifiers built in, and adjustable
voltage ranges are therefore common. Some digitizers (the
transient digitizers) include a self-contained memory module to
store the binary data at very fast speeds. The interface may
then COPY the data to computer memory or storage media at the
interface transfer rate.

Digit,al voltmeters (DVMS) offer much more resolution than
ordinary A/Ds. A resolution of 6-1/2 digits, not bits, over a
variable range scale is :]otuncommon. This allows resolution of
0.000001 parts over the selected range. The 1/2 digit is
actually the highest (most significant) decimal value and is
allowed tc be one (1) or zero (0) only. This means that a common
set of range scales for a DVM might be plus and minus 0.10 V,
1.00 v, 10.00 v, 100.OO V, and 1000.00 V. This resolution costs
speed, and most DVMS of this a~curacy can only acquire a maximum
of about 10 readings per second. Like most AIDs, DVMS may be
“short-cycled,” or commanded to use a reuuced resolution mode,
which in turn increases their acquisition speed. Note, however,
that transfer speed may increase as resolution decreases, since
most llVNs send data in serial character strings and reduced
resolution means fewer characters to send. Those that have a
parallel or binary coded decimal (BCD) interface will have a
faster transfer rate since all bits are sent at once over
individual wires. Many DVMS also offer some form of Internal
data manipulation such as averaging (useful for removing ac line
noise) or offset removal.

Because we arc primarily concerned with heat transfer
measurements, it is worth noting that high-speed digitizing
devices are not necessary. Thermal transients, especially in
power systems, usually occur over a time span of several minutes.
We may therefore trade digitizing speed for the crucial
resolution that is required for low-sensitivity transducers such
as thermocouples and eddy current devices. IIigh-resolution makes
the multipurpose scanning DVM, with a variety of plug-in modules,
a very cost-effective and versatile piece of equipment for heat
transfer measurement.

3.2 Interface Dus Selection

Three interface bussl?s, CAMAC, RS232C, and GPIII (IEEE-488),
are common amon~ present data acquisition systems. Tlotethat no
mention is made of direct processor di~itnl 1/0 5US interfaces.
Althou~h the direct par:]llel interface is usually fa?ter tl]antile
~ther three Lypcs mentionud, such an interface n]ways rCqUlreS
cu:~tom installation und wirinfl--not to mention cu3tom software.
In i)dditlon, the direct 1/0 intcrfince is u~ually I!oreexpensive
than one of the standard ones and not nearly as versatile.
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We might think of the parallel interface as a Ferrarl
automobile--w h. ~ it works it’s great. & ;:e;e;;g;:~a;;,d:t~;ly
one ttlingwell, and that is go fast.
going to cost you a lot of time and mot]ey to get it fixed again.
The three standard interfaces are more like Toyota, Ford and
Lada: they are fairly plain, inexpensive, and versatile.
However, we cannot get away from the parallel interface
completely , since Lhat is what eventually must connect the three
standard interfaces to a mini- or large-computer 1/0 bus.

Tt]eCAHAC interface. The acronym is said to represent the
words‘GCo%~u~r-~~~o~~t<~ Measurement And Control, ” and it is the
one true in~,ernational computer standard. The specifications
originated in Franne and were meant to be used with high-speed
nuclear physics counting and detection equipment. The standard
itself is one of t?e best, most complete specifications ever
written for electronic equipment. It covers not just the
interfacing electronic prGtocol, ~}~t.also the hardware-size and
quality, extension capabilities, software-calling arguments, and
general executable functions. CA!IAC is the fastest of the three
standard lnLerfaces when it is used in the parallel transfer
mode. There ar over 400u different modules available from
commercial vendors, most of them relating to pulse counting and
detection, but also including thermocouple and A/D input devices.
the transient di~itizers mentioned in Section 3.1 are available
only as CAMAC modules.

The CA?IAC interface consists of a hardware rack with
internal backplane wiring and power supplies (the “cratf,”),the
individual electronic mociules that plug into the crate, a special
module called the “crate controller, ” and the computer interface
that connects the crate controller to the host computer.

The crate provides power at +24 Vdc, +12 Vdc, and +6 Vdc to
specified positions in the backplane conne”6tors. Each crate has
slots for 24 individual modules, but slot 24 is reserved for the
crate controller module. The controller module has access to
irlterrupt and ccmmand lines at each o!’t!leother slots and is the
timing and protocol link between the host computer and each
individual module, ‘ihedata path in a CAMAC crate is 24 bits
wide, but,controllers are usually abl~ to send and receive data
of 24, 16, or 8 bits. There are several types of crate
controller modules, a di~ferent type for eaci~ interface to which
the crate may Le connected, In addition, two ways to
ir]terconnect more that one crate 0:,a “higtlwdy” system exist.
Or]e hi[!hwi]yis for parallel data Lransfer; the other is for
:Jcrial.. There are special CV-+O controll.ers for each of the
cr(]tes orltl]ehiuhway, a: for the master crate
(’orltrol,leri

TileCAIIAC parallel or “’branch”hifihway (:ansupport up to
seven crates over total distances of up to 1(JOm (hiChway length
is a function of wire size and shieldin~). The branch highway is
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a multiconductor cable terminated at one end and fed by the
branch driver at the other. Maximum data transfer rates are up
to 500 COO 24-bit words per second (WPS).

The serial highway can support up to 62 crates over a
variety of transmission media with indeterminate total length.
If wire cable is used, it consists of twisted, shielded pairs of
conductors per bit and may be either bit serial (one pair of
wires) or byte serial (eight pairs). A maximum transfer rate of
2i10000 24-bit wps is possible in byte serial transfers, 2Cl000
wps in bit serial mode. The highway must form a circular or loop
path, beginning and ending at the serial driver, wh,ichmay reside
in a crate on another hi~hway.

One of the more recent advances in CAMAC technology is the
use of single board computers as crate controller modules. This
use makes the crate a stand~,alone data acquisition and processing
unit w~.th inte”nal memory and interfaces for storage media and
graphics.

The individual modules In a crate may be more than one slot
in width, a:ldeach must be addressed at a specific slot n~lrnber.
Therefore, provisions must be made in software for differ::nt
crate configurations, or else the modules must be installed in
the crate in an exactly specified oraer. The entire crate must
be powered down to install o“ remove a moduie, and most external
connections are made at the front panel of the module, which can
result in a tangle of wiring.

The CAMAC stanc;ard supports 32 functions that fit into
general groups of read, write, and command functions. The module
manufacturer must specify the response of the individual modules
to each function. Kits are available to allow the user to deslrn
and builo his own CAMAC module to perform specific functions.

The GPIB interface. The General Purpose I~~terface 9US (IEEE.-....--.,
stand=r”d’‘4-86)~=-the result of the demand for a serial interface
of medium speed, with timing and protocol sufficient to assure
data transfer over s!lort-length lines. Total transmission path
length may not exceed 20 m, and the maximum transfer speed is
about one million ?-bit bytes per second, althouuh handshake
protocol assures that data are transferee at the rate of the
slowest device particlpatJ.nC. The maximum number of Instruments
on the interface at onc time js ’14,and the usrful maximum data
transfer rate far voltmeters Is about 20 0000 8-bit bytes per
second, not including digit.izinr,time. The in’er~ace was first
ciesifil]edby the llewlett-Packard Company LO connect l~etweentheir
desktop calcl)lators and I/@ dcvires but has rince become a widely
used interface for data transfe: in tileUnited Stcltes.

The actual standard (Il?Ell-488)only deals with cablin~,
timinfl, a,ldhandshake protocol. Software is befaminfi
stilndardized as it is suppl!.ed by ttie~nterfare manufacturers.
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The host computer must have an 1/0 bus to 5PIB adapter to access
the interface; then , from the user standpoint. the only commands
that need to be sent often are read, write, clear, and
local/remote switching. Data are sent serially as ASCII
character bytes.

The GPIB interface cable is a parallel daisy-chain type of
interconnect (all devices on the interface are in parallel), and
the cable is easy to connect Devices on the cable may be
connected or disconnected with the interface powered up.

Examples of the types of insturnents that may be interfaced
with the GPIE bus include scannir ~ digital voltmeters, x-y
plotters, different tJpes of analyzers, relay or digital
controllers, power supplies, and. of course, thermocouple
reference junctions.

The RS232C interface. This interface 1s for low-speed,——— .— .——... .-----
minirntirn--protocol, ASCII character byte transfers. The full
standard supports lines for transmitted data, received data,
col::~lol;r:::tr:-,clezr ~~:Serl’:!!rcafly FjoSeri, ~!ataterm.jnal resay

G:ld 2 f2k J Gtli2r ~;.(’cializedhardware sensing lines. Data are
sen: as a series of ~12 Vdc binary pulses, with a number of start
and stop bits for timing. The total number of bits defining each
ck~aracter is nut standard a,1 depends on the hardware used at
eacl]end of the interface. By using no handshake prbtocol at
all, the interface can make use of bidirectional WODEHS
(MOdulatorDEModulator) to transfer data over long distances via
telephone lines or dedicated cables.

This MODEM configuration uses only two wires to carry the
data in a frequency-multiplexed manner. The MODEMS convert the
RSZ32 ~12 Vdc binary data levels into one of four audio frequency
tones, two each for sender and r~ceiver. Staight RS232 can be
sent over a three-wire system usin[lone line for transmitted
data, one for receiver data, and a common return. It is easy to
c~nfuse which unit is the sender and which the receiver, so s
switch~ble adapter is often necessary when using the RSZ32
i~terface. Data transmission speed of up to 9600 bits per second
is possible over distances of several hundred meters usinfl a
three-wire :Jystcm, and distance is unlimited using MODEMS at 1200
bits per second or less.

The NODlilS!frequencies are not aq international standard. so
tllin[;s[’,cte,)en~loreconfu~in~, when one is ~jsin[~hlo~)zhldevices
from diffcrt7t countries or even di~ferent manufacturers. A
ci]r”~ftll inve:;ti!;ationof the operator’s manual for all equipment

!~s~j~ inter~,qce iS necessary to determine ho~’tCl tJC U~Cd f)~ ‘.!:t? . -

ml,cl]of tl)t?stntlclatdis used and whic5 lines I:IUSt 13G hard’dired
hjr,hUt- low.

“~(Jdec!~dewhich of t]lesc stnndard inter!’nces would best suit
;Icerl;lillIllstallntion, the u:;ershould consi(cr transfer rate,
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transmission distance, number of devines to be accessed, and
cost. Probably the two most important factors are what data
throughput rate will be needed and whether ~he same system will
be used for a variety of different test configurations. The
CAMAC interface is the fastest and most versatile, but it is also
expensive. The GPIB bus is a good general purpose interface,
useful with a wide variety of devices over short distances.
Finally, the RS232 interface is CheapeSt, but applications are
limited by the lack of protocol. Although RS232 transmission
speeds are low they are quite satisfactory for a small number of
heat transfer data channels.

3.3 Processor Requirements

The curr nt !’loodof small computers available for use with
external digitizing devices may make it difficult to select a
host device for : temperature acquisition system. The decision
can be simplifi~d by knowing just what is needed for the
application.

The most important specification is that the unit support
the standard interface selected for the area. If the
manufacturer says “We donut feel that that interface buys you
ariything,” or “We can interface any instument in the world to our
1/0 bus,” then the buyer should cross that model off the list.
There are enough selections available that the buyer’s
specifications will be met by one or more of them.

The next most important specification is the ability of the
processor to produce the type of output that the user desires.
Most ~mall computers will have some graphics capability, but hard
copy output, incluJing data listings, will require additional
peripherals. The buyer must be sure these peripherals are
available and supported with software and maintenance.

Storage media type and size needed are determined by the
number,of data the user needs to store and how often these data
are to be accessed once they are written to storage. If few data
are to be stored, and need to be accessed rarely. then a cassette
audio tape storage system may be sufficient. In most cases
though, the minimum storace available should be a floppy disk.
If the data will be processed or plotted several times after
acquisition, then a hard disk sholjldbe considered. These disks
allow faster retrieval times.

The amount and type o(’dat? processtn~ to be performed by
the system should be considered when tilebuyer is examininc the
type of computer architecture. Since time-history data are
usually processed from a data array, a built-in array processor
capability can greatly speed repetitive operations. Likewise, a
floating point processor will allow greater precision and speed
when the user is dealing with operations involvin~ fractional
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numbers.

One final consideration must be the language and operating
system of the processor. BASIC is a slow-running language since
it js interpreted into machine language a line at a time at run
time but it is very flexible and extremely handy for setting up
new devices on an interface. The oposite end of the language
spectrum is machine language code, the direct nume. ic commands
executed by the processor. This type of language is very fast,
but also difficult to change or adapt. In addition, no floating
point l’unctions or statements exist ot;n”r than as special
subroutine calls. The worst dravback of machine language coding
is the faci that it is not direc,.ly documented for human
understanding as it is written. There must be a separate,
written document explaining the code purpose and flow.
Intermediate-1evel languages like FORTRAN and PASCAL are very
powerful and fast. These “compiler” languages must be compiled
into machine language by a separate program before the code can
be executed. Because the code runs as machine language, it runs
faster than BASIC; because the original source is in a user
understandable language, it can be modified and debugged almost
as ~ssily as BASIC. There is a time delay between source .
correction and program exe ’ution while the code is recompiled,
and the additional file ‘requires more storage space.

Memory is usually an easily added expansion item (no one
ever reduces their computer memory size), but a minimum size of
32K words (32768) will accommodate most acquisition system
software.

3.4 Software Designs

Once digital data acquisition system components have been
connected, the one factor that wiil determine how well the system
is used is the quality of the software that the user interfaces
with. The best hardware money can buy will be useless If the
user finds the ~oftware is clumsy ‘5 use or must get special
training. When writing software for data acquisition systems, the
clesigner must remember that the human operato- may not be
familiar with computer keyboard use and may resent being
presented tiitha lot of decisions or independent actions.

Ti,ebest type of software for these “hostile users”’ is
usually a question and answer format that leads them through the
setup and acquisition process. Default answers should he allowed
wherever po~sible, and any new entry should then beco’llethe new
default. The default values should be showr in a reco~nizable
format at the end of every question. FiEure 3.1 shows an example
of this deitiult-prornptinequestion and answer format.
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-Display section-
Overlay t lis plot on previous one [Y/Nl:~
Plot over scan range [I,6!IO]:I,3J0
X axis channels [12]:

—..
(no change)

X axis scale (first,last,step) [0,500,100]: (no change)
Y axis channels [1,3,5]:7 ,9,11
Y axis scale (first,last,step~ [-.100,100,20] :-200,100,25— .——..._____

Figure 3.1. Question and answer format example.
User-entered responses
shown here as enclosed

-Main Selection Nenu-
l=Setup Parameters
4=Store to File
Y=Plot

Operation number?:

Figure 3.2. Menu

When an independent

are underlined. Default values are
in brackets [1.

-- -- -- - - -

2=Acquire Data 3=Display
5=Recall from File G=List
8=Modify 9=Herge Files

format example.

decision point is reached, it is
recommended that a menu-type format such as the one in Figure 3.2
be used. The different choices available to the opel’ator should
be displayed in a logical, easy to understand format, and a
letter or number sssigned to each of the choices. The operator
enters the letter or number of the desired operation. and a new
menu or questionlanswer section is displayed. There should
a?.waysbe a simple method of aborting any section and returnin~
to the main menu.

Do not hesitate to display a lot of information when asking
the operator for ar?input decision. Modern processors will have
cathode ray tube displays, wt~ichoperate at high data display
rates. This high rate allows the program to display a detailed
explanation of each step, even when the operator is experienced
with the system and does not need the information.

Callr)ration is nrobably the most important and, naturally
then, the most confusin~ part of any acquisition system setup.
Every e.tort must be made to make the calibration section of the
system software self-guiding and fail safe, while assurinfithat.
the operator provides the system with as accurate a voltaue ranr.c
for each transducer input as possible.

Mention must be made at this point of the importance af
always storing the data points in the “raw”’form as obtained
directly from the di~itizinc device. This r:lwform may be either
volts or A/D counts, Conversion from the raw form to enflineerinp,
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units form for display and listing is done according to Equation
(1) using the slope and offset calibration factors obtained from
the calibration routine. Data that have been converted to
engineering units and t:en stored may later be found to be
inaccurate because of a calibration error. It then becomes very
difficult to correct all the data points, and inaccuracies may
appear if correction factors are applied. These inaccuracies are
due to round-off effects when data of a certain resolution have
been multiplied by one factor and then divided by another.

The calibration procedure itself should consist of the
application of high and low voltages to delimit a known
engineering units span range. The voltage is read by the
digitizing device, and the engineering units equivalent to that
voltaee span must be entered by the operator, A third voltage,
referred to here as the “offset” voltage, allows the operator to
assign an engineering units offset (usually zero) to a specific
VOlt~&e VdlUe. The aavantage of this offset voltage is that the
calibration span voltage then does not need to be zero based but
can be a negative through positive voltage span. This
calibration will help to resolve polarity errors (which might be
called digitizer hysteresis) that may be present in the .
digitizing device,

The resultant slope calibration factor for a linear
transducer (volts for thermocouple cal~br~t~oils) is determined by

c1 = (Espan)/(Vp - Vn), (2)

where Espan is the engineering units equivalent to the input
voltage span determined by the positive calibration voltaCe Vp
and the negative calibration voltaRe Vn, The offset calibration
C2 is then determined by

C2 = Eo - C1*VO, (3)

where Eo is the engineerinfl units offset equivalent to the offset
voltage Vo. Note that in Equations (2) and (3), the actual units
for Vp, Vn, and ‘Jomay not be volts, but rather the “counts ‘
value from the digitizing device.

Fl,Cure 3.3 shows an example of a calibration sequence that
is fairly ea:jyfor the operatur to understand and internct with.

in tl)ecase of thermocouples or c)t,l)crnon litlcar
Lr:lnsclucers,tiledat,a :;IIouIcIstill be calil)rated and ntored in
linvhr term:;--volts or counts. The correction from volts to
lin{!:lrizc’d,rcl’crcnccd drflrccs u!]ould l~edol~e nrparatcly and way
tllunhe Utur(d in nnc)ther data ch;lnncl in fi!laiunits. ‘rhi:;
(-’:l$(Jrc5L})(ILthe orif,inal !Iiltil ‘;tlllrt?maln irltilc!t if a
conversion error is later cllscovcred.
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Channei number to cal:7
Provide the pos:itive g75ingcal voltage to than 7 input.
Ready to scan../ (any key input)
Ch 7 + cal= 5.2S7 v
Is that a good ~alue [Y/Nl:~
Ready to scan..
Ch 7 + cal% 5.005 v
Is that a good value [Y/;~]:~
};rovide t?e !leflative!or zerc) cal ~lolta~eto c!-ian7 inptit,
Ready to scan. .1
Ct-7 - cal=-5.0U2 v
Is that a good value [Y/N]:Y
What was the engineering un~ts value
of that 10.OG7 v cal spar) [ 25000.01:500.0 (note default)
Provide the offset cal voltage to cha~”-”7—~nput.
Ready to scan..
Ch 7 offset cal= 0.010 v
Is that a good value [Y/N]:Y
‘Ahat is the units value of that offset [0.001: (no change)

Channel number to cal: (’return’ = done)

Figure 3.3. Calibration sequence example.

A good fcrmula for converting raw thermocouple data to
degrees is

D= a + bV + CV2 + ciV3+ eV4 (4)

D: resultant degrees

a,b,c,ti,e : coefficients of tne linearizinl~ polynomial
over a specific voltage/terrperature range

v: refcrencf+cithermocouple voltafie,

where V is obtained from

v: Vt + aTrh

Vt : thermocouple voltap,e

Tr : reference junction temperature

a,b : coefficient.s of the exponential function nxh.

(5)
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the different coefficients of the equations as a function of
incoming the~mocoui)le voltage.

Another form of linearizing correction that does not require
a polynomial curve fit is the data replacement technique. The
nonlinear curve of uncorrected versus corrected data is ~tored in
a file as a series of point pairs (millivolts and degrees Celsius
for example). The program compares uncorrected data from memory
with the same units in the file (millivolts in our example).
fines the match or interpolates between two adjacent points, and
then replaces the data in memory with the appropriate data point
from Lhe other file channel. The calibration factors for the
corrected units must also be replaced. Note that ‘he term
“’replace” should actually refer to storing the new data values in
another channel of memory to preserve the original data. This
form of correction works best with a small number of data points,
and the comp’~rision channel of data in the file must be
unidirectional, that is, always increasing or decreasing in
value.

An item tt,atdeserves inclusion in this section Is the
belief by the author that a numan observer needs only a specific
number of data points on a plot or listing to define an event of
interest. Furthermore, this specific number of points may be
quantified and has in fact been determined by observation to be
no gr-ater than 4000 data points, This 4000-point number ‘efers
to the total number of data points of cne single data channel
that are necessary to define an event of interest. An event of
interest is best uescribed as the time frame containing data that
are actually pertinent to an observation.

The actual importance of this “De Witt Criterion is that it
helps the observer to determine the sample rate necessary to
capt[lre the event of irlterest, assuming that such an event time
len~th caa be predicted. T+e sample rate per channel is then
determined by

I’ls= 400(l/Te (G)

Te : event time len~th in seconds

1{s: data uample rate per channel in samples/second.

Ttlcrcfore, a test occurring over n long time period will
‘c:;ultin a slower sample rate than or~eoccurring quickly.
‘evrt-alexilr:)ples of this effect are sl]own in Fip.ures 3.0 thruufih
‘J,(!. ~~otc’tk.;lLthe numtlerof pOint$ ncce~sary to actually dcfin[~
Llict?vcnt 13 usu;:lly!nuc!hlowpr tha:] 4000. Of course in sc)mc
rarc (!i’l:l[).’l t!]c main uvcnt Or interest may bc of a lollfi-tei-rl]
n i.ltlll’(’ and may ;,lctuallyinclude sevcrnl shor-ter events. Since
rncmory iin(l storn~c upace ilre finite, the user must then settle
f’or:1comprorl]isenumber of data po :s an~ sample rate. It Will
usually be found after the test thi, the lun~,-term event was
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actually the only event of interest, the resolution of the
shorter events was just “nice to have.”
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One problem that nas surfaced lately in the United States is
the lack of a standard data transfer format for time-history data
of the type acquired by the above-mentioned data acquisition
systems. To make data transfer between such systems easier for
all concerned, the Los Alamos National Laboratory has adopted a
standard format. This Standard Data File Format is defined in
Appendix A. The standard specifies text-character-based data
strings to define the channel sequences, calibration factors? and
data. The format is designed for easy data transmission over
telephone line MO~EMS.

4. STAND-ALONE DATALOGCERS

When a separate digital file of’data is not needed for post
Processing, the user may elect to receive a simple data listing
i’roma digital datalogger. This device is the simplest form of
digital data acquisition and usually has ‘IG software
requiremer:ts. Data may be presented in :,listinc format on paper
and may be stored on a magnetic tape or disk. Most dataloggers
also have a printing port for RS232C Sn’;erface access.

Acq~isjb.ion p~rameters are enterecl by front panel keypad in
a structured question arrdanswer response mode. These setup
parameters are usually retained in memory when the device is
powered down bqtween twsts. Some calcl~lations may be performed
on the incoming data, such as slope and offset conversion to
enflineerlng uni~sl averaging, and limit detection.

Host datalo~gers supportin~ thermocou!~les will use an
isothermal connec~;or block as the reference junction, kith a
resistive temperature de’~lce to read the connector temperature.
This type of connector In described in more detail in !Jection 5.
Internal conversion Gables are then applied accordinf( co the
thermocouple type tu produce an output in defirees Celsius or
Furenheit.

The datalop,ger-tg~prdevice is a f,oodal~ernetive to l~otththe
analo~ and full di~{italdata acquisition sysl.ems. Tlic ~ntcrni]l
software cannot be modified, and data are usually not :;to:-cdin
digi~~l format for futu~u access, but di~ltal accurticy nnd ei]sc

of jnterprcti3tion nre tivail~ble for nbout the cost of FIfew 5Lrip
churt recorders.
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4 2.313YV

3 2.371MV
2 70.3*C
1 34.2*C
o 80.4*F
000:14:02:22
4 14.362MV
3 14.598MV
2 384.6=C

52.3*C
: 79.4*F
~oo:14:05:oo

13.439MV
3 13.640Mv
2 360.4WC
1 290.7*C
o 79.6+F
000:14:1C:O0
Figure 4.1. Typical c!atalo~,rer printout.

!5. THERMOCOUPLE APPLICATIONS

Thermocouples may be old-fashioned, non-linear, moderPte
resolution devices, but they are also very reliabie and supply a
self-~enerating output.. For these and m~ny other reasons
thermocouples will col]tinue to be used in thermal data
acquisition systems for quite some time. Just because th~y ha~e
only two wires and no fancy ~i~nal conditioning requirements does
not mean that thermocouple elrcuits can be taken liGht~y, as many
an experimenter faced with “impossible” or even “questionable”
temperature results can confirm.

In order to understand thermocouple circuits, a basic review
of the “Laws” of these strange devices is ~n order. Then a more
detailed approach to the colution of comp~LX circuits can be
atLempteJ.

tlemllstbasic phenomenon involved in thermocouples is
rcldtcd to t,hefact that any elec+.rical conductor, under open
circuit conditio~in, will flcnertlti~a voltap,e potential difference
at tllcconductor urrdsw!lcn thtlse ends :Ircat different
t~!lrl])eriltj[ir(’s. “1’1)1spotentii~l i::probably dur to chnrp,c
d~fitril~lltit.~nof [’r[’f*rlrctron:; 0s il result Or the diff’orent
t(’illl)(’rilttirt’:~.



a dissimilar metal--one which has a dilferent coefficient of
thermal electromotive force. This “thermocouple junction” will
generate a maximum output when the Lwo conductors have an
opposite polarity of thermal emf. Common thermocouple metal
pairs such as platinum/iridium and Chromel (chromium-nicke’.) /
Alumel (aluminum-nickel) are select~d for maximum output and
linearity over a specified temperature range.

Note that the voltage is generated due to the temperatur~
difference between ends of each conductor type, not due to the
presence of a heat source at the junction itself. The junction
does not generate a voltage, it allows the voltage to be
monitored. The junction is one pair of conductor ends, and a
voltage is generated in each conductor when it’s opposite ends
are at different tem-~eratures. This distinction is an important
part of the circuit analysis method described in section 5.2.

Once the two conductor types are connected in a closed
circuit, the generated voltage can be measured anywhere in the
cirruit with a high impedance meter (a low impedence device would
allow the charges to redistribut~ faster than they were being
generzted-- a short circuit). In order to simplify connections,
most thermocouple circuits place the meter at one of the
junctions. In order to unders~and that this connection may not
effect the circuit output it is necessary to presert several
“Laws” of thermocouple circuits. M~ny such laws can be
formulated, but all relate to the basic idea of an obtput being
generated whenever opposite ends of a conductor are at different
temperatures.

THE LAW OF IIJTERMEDIATF MATERIALS

“If metal C is inserted between metals A and B at
une of the junctions, the temperature of C at any point
away from the AC and BC junctions is immatetial. so
lonflas the junctions AC and BC are both at the same
temperature Tl, the net emf is the r~me as if C we)’e
not there.”

A meter circuit inserted at one of the thermocouple
junctions ;Ictsas material C, with the AC and UC meter
connections at the same teI?’IrJer~tUrC on the lllc~erterminal strip.
Both ends of C are at the same temperature, therefore no em~ IS
F,enerated to upset the circuit roaclinp,. Of cuursc the
temperature of the terminal strip muot be known if the nbsolutc
temperature at the other (“hot”) junction iu to be calculutrd
from tt~~[!,c~t~crilt~dcircuit vultap,c.

“I’ll!{I.,A’AOF lNSKI{’I’1(11MATI(I{IAI.S



P2ge 19

the temperature of C away from ihe junctions.”

This law applies to an irserted material, such as a meter,
inserted at a point other than one of the junctions. Notice that
‘he same conditions apply as in the first law--the ends of the
new material must be at the same temperature--so no thermal emf
is generated. Once again, the temperature of material C aw:y
from the ends (junctions) does not contribute an emf to the
circl’it. This fact is the basis of the remaining “law”.

THE LAW OF INTERIOR TEMPERATURES

“The thermal emf of a thermocouple with junctions
at I’=.hztand T-ref is totally unaffected by temperature
elsewhere in the circuit. if the two metals used are
each Ilomogeneous”

This law refers not to a third material, but to localized
temperature gradients (hot or cold) in the materials away from
~ilejunctions. If tbe circuit were to be broken at these
gradients (a t!]irdm=te:ial or meter circuit inserted) then a];
emf wo~ld be generated, Non-homogenous materials act as inserted
materials since the thermal generatin~ c~efficient of the
material changes, and if a thermal Rradient exists between” “ends”
of these sections-- a voltage is generated.

Since nor,-homogeneous materi?ls act as inserted materials,
it becomes very jmportant to avoid lntraducing these anomolies
into the thermocouple wire. Cold working due to bendj,ng and
fatiGue causes alloy changes, as does deformation (crimping) and
weldinc. In the case of ~eldinc --most jui-lctions are made this
Way, so the user must try to keep t~ieheat affected area very
small , This small heat-treated area may all be in the same
temperature zo~e in the actual application, which helps to
prwvent crroncouc signals.

One way to test for non-llomogcnp~us mijterial is to pass a
I]catcufior flame heat source alonr e~ch le~ of t}~ethermocouple
circuit while observing clrcult output. The output will change
only at these locc+ci~nswhere chan[{es ~n thermal Ceneratlng
coefficierlt occur (like junctions).

Intt-in:;lcLherwocouples. The Law of Intermediate Materials
illloW~ a-third ty~e “of rna’th-l.j~~]to bc Incerted at R junction if
ttlccur)noction::ilrP ilt thu Sillne tempcr~ture, With this knowledge
it is p(lflsi:)l[!to use a third rl]~t,~rji]l, which is actually the
tlli)r,(:r~i)l t~?mpc’r:ltureL()bF lli~i]sl)rcd, a% a part Or the
Lllermnco[tl)lrc’lrclu~t.oSt,and,ard practice is to !lpotweld the two
tl}lt’rlllo(:(;l)l)lP wlrf’s to tlIPthird mntf’rl:llat the pojnt,of
tlltr’r”r:it,, ‘Jtle two wires do not.Il:,lvcto touch C’LIC!I ottl~r--tl]e
third m;ltt’ri:ll~s the It]termedtute conduotorl ;I.gsIIIIIrcl t.() 110 :~t

url~I’ormt,(?lll~)(’r’;lt~lr’e.Kvcn if the third materi:ll is not at
ut~iff)r’111 t2m~)t?rilLurf?, the rcsul,t will I)can avcrnp,cof the two
JUl)c~~oll telll])L!rilt,Urc!9,



Page 20 ,

Problems to be avoided with intrinsic thermocouples include
system ghollnd loops (current flowing in a thermocouple wire due
to different ground potentials) and poor weld connections. The
process of welding the wires onto the third material may actually
introduce new alloys (non-homogenieties or junctions) in the
thermocouple wire xhich can even change the thermocouple
sensitivity, so the user must take care to use the lowest heat
range necessary to bond the mater:als.

Zone boxes for connection. Since connectors and cable— .—. — ———. .
splices are non-homogeneous areas in a thermocouple circuit,
extreme care must be taken to see that no temperature gradients
exist across these areas. One good way to avoid these gradients
is to place reference junctions and other cor:nections in an
insulated, uniform temperature bo~. Tile ternperatur’eof the box
does not need to be known (unless there is a r~f~rence junction
inside), it does not even have to be corlstant, but it must be
uniform insioe (no gradients). I’heidea is to prevent the ends
of the inserted materials from being at diffei-ent temperature’s
and generating voltages. A styrofoam picnic cooler works well as
a zone box.

5.2 THERMOCOUPLE SYSTEM A.lJA1,YSIS

Because most pr~ctical measurements o! temperature are taken
with thermocouples, it makes sense to discuss a method of
resolving circuit problems that may arise from complicated
thermal gradients along the leads and at the reference junction.
A method known as the ‘“GradientApproactl,” used by Dr. Robert
~loffat [1] will be used to define these e!fects.

The net volta~e of a thermocouple circuit can be described
by the equation

(7)

T1 1“2

where el and e2 are the absul.~te values cf volta~es from the two
thermocouple metals 1 ar]d2.

e= dF/d’l’-.U (8)

P: Pcltier coefficient

u : Thompson coefficient

Equ~:tiun (7) represents the theoretical possibility of
dctcrmininl; uet voltaple by inteflratinflthe in~ivld’lal metal
voltnp,es caused by tpml~nrature :]lon~;Lhn wire, The c of each,
mcttil cannot be pr{!clse]y calculated or measurpdl except 33
rcferer~ced to a common matcrin], such a~ platinum. If voltap.cs
of all m~tal~ in t!lrcircuit are obtainuci as r~’ferenced to a
common matcrialt Lhetlthe referrtlce material effect will
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disappear . The values of voltage for materials referenced to
platinum are available in the United States from the National
Bureau of Standards monograph 125 [2].

The “Gradient Approach” relies on the lact that voltage 1s
contributed only along those sections of the conductors where a
temperature gradient dt is present (Section 5.1). If the two
ends of one type of thermocouple wire are at different
temperatures, then a voltage of known amount will be generated in
che wire. If the two ends are at the same temperature, no
voltage will be generated. Complicated thermocouple circuits
(multiple-wire types) passing through several temperature
Cradients can be evaluated for net voltage contributions by
considering only the temperatur~s of the ends of each conductor
type.

lising ‘.ablesthat give the voltage output for different
types of wi-e referenced to a common wire (platinum) enables the
user to understand a complicated circuit like the one in Figure
5.1.

e
l~il’urc7.1. A complicated thermocouple circuit showinp,

diff~’rt?flt. of the circuit at different temperatures.;ltlrts The
:OUIII tt’:,1[](’rutureis 2(Ide~!r~es C.
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Figure 5.1 represents a circuit with copper wire connecting
to Constantan, to Chromel, to the ChrGmel-Alumel thermocouple,
Alumel to iron, and iron to copper. The readout device is a
system with internal reference junction, so that a zero voltage
input reads room temperature.

In Figure 5.1P, the Chromel-Alumel junction is at 50Q
degrees C, the rest of the circuit at a room temperature of 20
degrees C. Tracing the wires for temperature gradients, we find
none along the copper from the positive terminal to the
Constantan junction, and none along the Constantan wire. There
is a +480 degrees C gradient (room temp to 500 degrees C) clong
the Chromel wire, which ac:ording to the U.S. National Bureau of
Standards monograph 125 [2] results in a 15.523-mil,livolt signal
referenced to platinum. The Alumel wire has a -480 degree
gradien-, resulting in a 4.265..mV voltage. The iron wire and the
last copper wire to the negative terminal have no gradients.
Summing the voltages encountered results in 15.523 + 4.265 z
19.788 mV. Since our readcut device has been calibrated for
K-type thermocouples, it reads this voltage as 480 degrees C + 20
degrees junction temp = 500 degrees C.

Figure 5.lb shows a circuit that results in an improper
reading, because of the oven enclosing the Alumel-iron junction.
A gradient of +480 decrees C exists along the Chromel wire
(+15.523 mV), no gradient exists along the Alumel wire, but a
-q60 degree gr~ient does exist along the iron wire (-6.499 mV).
The last coppper wire is gradient-free. The sum of the voltaEes
is now 9.024 mV, which the readout device interprets as P2.5 + 20
= 42.5 degrees C,

Figure 5.lc shows gradients of +480 along the Constantan
wire (-19.859 InV),-480 along the Chromel (-15.523 rnV),+480
al~ng the Alumel (-4.265 mV), and finally -480 along the iron
(-6.49’ mV) for a total voltage cf -46.I46 rTIV.The readout
device faithfully interpret- this value for a K-type thermocouple
as -1127.5 + 20 = -1107.5 degrees C.

The final exa:nple,Figure 5.ld, shows Cradients of +480 in
copper (+5.92 mV), -480 in Chromel (-15,52j mV), +480 in Alumel
(-4.265), and -480 in the last copper (-5.92 mV). The resultant
-19.766 mV is read as -430 + 20 = -460 degrees C.

Further explanations of the use of the Gradient Approach to
thermocouple systems may be found in Reference [11, includin[;
examples of Uraphical solutions to these problems.

Isothermal connectors for thermocouples, ~lsin~~,the. .......-..-..
“isothermal block” “---

—.-,........ ..
contie-c~o~‘is”-oneccmmon metl]odcf connectin~

thermocouples into data acquisition and/or monitorin~j,syctems
that helps to avoid reference junction problems. These
connectors are usually a flroupof screw clnmp t.ermjna]s mounted
close to each other on a printed circuit board. “rhc hoarciitself
has a layer of sclder like a U,roundin[’,bus that spreads :lrouncl
all the terminal connectors. This sulcler layer acts as a thermal
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mass, keeping al:.the nonnector terminals at the same temperature
on the board. A resistive temperature device (RTD), usually a
platinum resisto- in a constant current circuit, is also
physically bonded to the solder layer at a central location (see
Figure 5.2). The RTD is used to read the temperature of the
solder layer anc therefore the temperature of the connecting
terminals, If the thermocouple wire leads are brought directly
to this connector block, then the connector temperature is the
reference junction of the thermocouple circuit. Since the RTD is
reading the reference junction temperature, the acquiring device
now has all the information necessary to convert the millivolt
signals at the connector terminals into the true temperature at
the thermocouple itself. Software to perform this conversion is
discussed in Section 3.4.

. .—.— . .——— —
.— —
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Page 24

There is one other phenomenon regarding thermocouple
circuits that is not always considered when one is making
transient temperature measurements. Thermocouple wire will
generate a significarlt transient voltage when subjected to
dynamic strains. As a matter of fact, most electical wire will
self-~enerate a voltage when the wire itself is dynamically
strained, but thermocouple systems are most sensitive to this
phenomenon because of the inherently low-level voltages generated
by temperature.

The voltage generated is cyclic (Figure 5.3) and is
apparently strain rate related. Voltage levels depend cn the
type of wire being used, but for a K-type (Chromel-Alumel)
thermocouple, straining both leads, as would happen if someone
were to trip on the wire, results in a 0.6 mv peak “signal. Tnat
is equivalent to a 14 degrees C false temperature reading.

I 1 1 1 I I
o— —W.w m,m mm *mm 80.W mom

strain.
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This seemingly piezoelectric effect in what is generally
re~arded as a randomly oriented crystal structure has been
mentioned before by Prof. P. K. Stein [3]. A modest
experiment to attempt to evaluate the phenomenon was conducted by
the author several years ago. A loop of wire was strung between
two insulated poles about 15 cm apart. A pendulum was arranged
so as to strike the wire at the center of its suspended portion.
The impacting pendulum was also electrically insulated and could
be positioned to strike the wire at adjustable angles. The two
ends of The wire loop were fed to a high-impedance dc
differential amplifier oscilloscope input. Every impact of the
pendulum ot~the wire loop produced a voltage pulse output.
Impact angles were varied, and a Faraday cage shield was used to
try to eliminate any magnetic voltage effects. Even insulated
single-strand copper “hook-up” wire exhibited a voltage output
when impacted. For validation, the nylon insulation was stripped
from a length of wire and the insulation was tested with no
conductor present. The impact was more elastic, but the test
setup registered no voltage.

An l)nderstanding of the cause of this self-generating noise
phenomenon is not yet available, but research is being done.
Users of t’lermocotiplesshould be aware that false transient
signals may appear as temperature readings when the thermocouples
or their cables are exposed to dynamic strains. Note that’this
noise-generated pulse is approximately 15 degrees Celsius for
this small strain (equivalent to someone jerking the wire). Most
of &he noise pulse occurred over a 10-ms time span. This time
span may not be relevant to those users acquiring static, or slow
ra~e of chance, data, especially if they can allow a filter in
the data path. The 15-degree temperature excursion may also be
insifinificant In measurements involvinti thousands of deRree2.
Note, however, that this phenomenon may help to explain some
types of noise on occasions whe,l the thermocouple leads are
attached to a vibrating piece of equipment.
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APPENDIX A

STANDARD DATA FILE FORMAT
FOR TIME-HISTORY TEST DATA

PUHPOSE

The Standard Data File should be used for transfer of
time-history data between digital data acquisition systems. The
data may oriEinate from mini-or microcomputers, desktop
calculators or other sources. The originator of the data shall
provide the data in the Standard File format, on floppy disk,
hard disk, magnetic tape, or serially (phone lines).

GENERAL SPECIFICATIONS

The file shall be an ASCII text data file, written in
character strings of 80 characters c~rfewer, each line terminated
by a carriage return character. This file shall be compatible
with a text editor and may be created or modified by such an
editor.

Numeric values on a line are to be separated by commas and
are to be riEht justified against the comma. Decimal points and
E formaLs are allowed but not required. Leading spaces are
allowed.

Ex: 17,3.46’/,-13.56, 52.789E-03, 5,16.01
A trailinE comma is allowed at the end af a line of numeric data,
but a leadinC comma will be treated as a zero entry.

EX: 1,2,3,4.567, is OK
,3,,6 reads as 0,3,0,6

[iorlnumeric characters (anything ocher than 0123456769, tE+-)
must not be Inclucied in a numeric string. Upper and lower case
characters :Ireallowed in non numeric strings; terminntin~
pvriuds (“,“) are net needed. lJon-printinC charactcl s are not
:ll]owcd in the file. CcJmm~nt lines may be included anywhere in
Ltlrf~lc :Ii’terthr TITLE line, and must stnrt with the
(Ixcl:lm:ltion(!h:lrilctjer “!’lS

DATA FILE FOI{I’lAT
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Where NNNNNNNNN is a string of UPPER CASE characters, the
first four (4) of which are unique among the IBs. Six (6) types
of ID are specified here. The user may create and use others as
long as the first four characters after the asterisk are unique.
Obviously no line in the standard data file ma- — ._. —,

+ befin ‘u ‘-except inf=m~on blo~k hefir~-(~~r~-~ ~b TR1 ~ormat——.-—
overflofi. ‘- ‘-

An ~B is terminated by the header of the next IB, or by the
end of file. Once again, the IBs may be in any order in a file,
the reader need only input those that apply.
NOTE: If the data are to be transmitted over phone lines or will
be accessed in a noii recursive manner, it is required that the
*CONFIGURATION IB be sent before the *CHANNELS IB and that the
llSCANDA’rAIB be sent last. The last character s~nt may be a ctrl
2 (EOF).

Following is a description of the six (6) specified IBs:

ffJjEscRIpTIoN (no format)
As many lines as desired of character or numeric strings may

bc present.

*(--Jl~FIGu~ATIfJN (2 lines)
1: Number of channels (NC), number of scans (NS), clock.

channel, time at first scan, time per channel, time per scan
~: Time units character string

The flrs~ line will contain the number of data channels, the
number of scans (1 scan = 1 look at all channels), and clock
channel number (or O if usinflstsquentlally clocked multiplexing{).
If clock than = 0, then tht last three entries describe the time
at the first scan, the time step between points (multiplexer
clock fate) and time between scans. If a separate clock channel
is used, these last three values could be zero. If a const~nt
rate rnult~plexed scanner ~s used, +.hen the time between scans
will be equal to the number of scnns times the time step bct,wcen
points.

The second line I:Ja Ctlarilcter strinp, of time units:
SLCUND3, MINUTES, IIOUI{S,etc.

NOTE: AILliough IIjstnily be present in :lnyorder in a file,
it is expected that COIJFIGUHATI~l/will precede CllANNELS or
RCANDATA since NC at,dNS tireneeded then. It is th[’reader’s
rrupcnsibility Lo acceut. files that :lr~not it)Ltllfificqucncc (EX:

llC).

time in LII(Iforrllill,:
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reference

The channel identification string is 80 characters or fewer,
preceded by the channel number and a colon.

The Type string is exactly ten ~10) characters long
(including trailing blanks) and describes the type of data
calibration to use for the channel. The currently defined types
a~e
LINEAR :apply the slope and offset calibrations to obtain working
units.
NONLINEAR :undefined. The user must include an IB such as
*CURVFIT to include curve-fitting coefficients.
K-f.)C:K-type thermocouple data (linear calibration factors of
slope and offset still apply to ~et volts), voltage, values are
referenced to zero degrees Celsius.
K-REF :K-type thermocouple data referenced to another data
channel, the reference channel is included in the third data
line.
n-2C :same as K-OC for “n” type thermocouple.

The third line contains the numeiic values for the channel
slope and offset (true data = raw datam slope + offset), plus the
reference channel for fioatjnu thermocouples. This last value
must be z~ro if Type IS other than n-REF.

*SCANI)ATA (many lines)
1: I,ch 1 data,ch 2 data,ch 3 data,ch 4 data,ch 5 data
2: ch b data,ch 7 data, .... (5 data pointn/line)
n: 2,ckl 1 clata,f:h2 data,ch 3 data ntlt (each new scan be~ins

with scan number)

The diJtrJare n~~wlisted, five (5) channels per line, for
each SCiln. The first entry of eticn scan group sl]allbe stun
numt)er,wl.itten as an int,ev,erfor ense of detection. Flemem!ler
the No ctlaractcr liIIelctl~th limit~tiun. The recommended format
for cil~l~ data point 1s 12 characters (G12,5 is nice),

If Ltlcre ;]re fewer th:ln five (-5)values on a line, only the
V:ll(lr!:;throtJ/{h!4CIlcc!dbc Villjd, TI]o line moy he filled (p:]cf(icd)
to f~ve cntricfl wittl I’,arhar,edutn,
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SAMPLE DATA FILE

Q13BOX9: SPECIMEN 3D-9, TRANSVERSE STATIC LOAD, 283 LB DEAD WT
tiDESCRIpTION
Q-13 SCALE MODEL BUILDING, STATIC LOAD CYCLES APPLIED
LOAD IS +- 3 CYCLES OF 3000 LB INCREMENTS TO FAILURE
#CONFIGURATI~N
15, 336, 15, O.OJOOO O1OOOE-O4 0.500
! 15 channels, 336 scans,, ~eal time cloc~ on channel 15
! time @ scan 1=0.0, 100k!iz mux rate, 0.5 see/scan
SECONDS
ltDATE
04-JAN-83,14:07:52
*CHANNELS
: RAM END LOWER LVDT 1

LINEAR MILS
-0.16997 -7.4788 0
2:RAM END CE~TER LVDT 2 ‘
LINEAR NILS
-0.16807 -19.496 0
3:RAM END UPfER LVDT 3 ‘
LINEAR MILS
-0.15957 2.0745 0
4:RAM END LO~EllLVDT 4 ‘
LINEAR NILS
-0.82988E-01, -75.270 . , 0
5:RAM EiiDLO’WERLDVT 5
LINEAR IIILS
-0.64171E-01, -21.433 0
6:FAH END UPPER LVDT 6 ‘
LINEAN MILS
-0,13072 -2.8759 0
7:FAR END UPbER LVDT 7 ‘
LINEAR MILS
-0,13158 -2.7684 0
8:FA~ END UP~ER LVDT 8 ‘
1INEAi7 MILS
-0,12793 -1.2793 0
~:FAl{ El~DL()~ER[,VI)T~ ‘
LINEAH MILS
-(),~7591E-ol, -4,20J14 (1
10:FAI{END LA)l{LVllT 10 ‘
LINEAH NILG

~y’~~~~~~-~~]~]r~~~~94
O

. 1. s, 1’
LlilEAi{ ‘ NII,S ‘

~~::!ll~~~~’-ll~)~f/~i~~91 ‘ ‘J.“ ,.
, .)

t.iiil;Al;“ l’;1l..:;
-(),ll)l~g()](-~)1,l’/,/ll,~ I [)
1:4:1.OAI), 11’IIOH !41’3
I.lI:!;AR I’ollllll!;

Y.’/r/u:+ OO(J()()()() I ()
ll~:l{A1.~:J’1’l{oK~,?4Ts
I.l NI(AI{ hill.:;
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,,
1.2213 -1509.5 0

15:CLOCK, RZ~L TIME TYPE ‘
LINEAR :ECONDS
0.25000 , 0.00000 , 0

HSCA)JDATA
1,

-22,
752,

2,
-22,
752,

3,
-22,
752,

4,
-22,
752,

5,
-22,
752,

6,
-22,
752,

7,
-20,
752,

-43,
-16,
388,
-43,
-18,
388,
-43,
-18,
388,
-4:,
-18,
367,
-43,
-17,
388,
-43,
-16,
398,
-44,
-15,
387,

-116, 13,
-10, -4!3,

o, 1236,
-115, 13,
-10, -48,

0, 1236,
-116, 13,
-10, -48,

0, 1236,
-116, 13,
-10, -48,

0, 1236,
-116, 13,
-10, -48,

0, 1236,
-116, 12,
-1o, -48,
11~, 124C,

-118,
-7, -:;;
65, ~250,

-907, -334,
49,

-90;; -334,
49,

-90;: -334,
48,

-90; : -334,
48,

-90!: -334,
48,

-90!: -334,
48,
:0,

-90’/, -334,
49,
12,

etc. . .


